Background: Hepatitis C virus (HCV) infection is an extensive health problem,
| INTRODUCTION
infection is one of causative reasons of chronic hepatitis and serious liver diseases worldwide. About 180 million persons are infected by HCV in the world (Micallef, Kaldor, & Dore, 2006) . Although direct-acting antivirals (DAAs) greatly increase curative ratio of HCV infected persons, wide prevalence, high mutant rate, presence of cirrhosis, and expansive cost bring to difficulties for HCV therapy (Bagaglio, Uberti-Foppa, & Morsica, 2017; Hayes & Chayama, 2017) . Thus, it is important to further understand the pathogenic mechanisms of HCV infection and disease progression. Host genetic susceptibility is associated with HCV infection, viral clearance, and therapy effect, and most of these susceptibility genes belong to interleukin family (Falleti et al., 2010; Kao et al., 2017; Sghaier et al., 2017) , which is important cytokine in immunoreaction.
Genetic polymorphisms in the interleukin 28B gene (IL28B, OMIM 607402) are widely identified to associate with viral clearance and therapy effect in many populations Thomas et al., 2009) . At the same time, chronic HCV infection could decrease the IL28B serum level (Alborzi et al., 2017) . Similarly, the interleukin 6 gene (IL6) plays an important role in human immunologic antagonism, so the genetic variations in the IL6 gene are commonly studied in HCV infected persons (Cussigh et al., 2011) . Single nucleotide polymorphism (SNP) of the IL6 gene is associated with HCV viral clearance, and the serum IL6 level shows higher in HCV infected persons (Tarrago et al., 2014) . All above, the genetic polymorphisms of the interleukin genes could influence the infection, pathopoiesis, and treatment effect of HCV patients. Until now, no study was performed to reveal the genetic role of a signaling pathway in HCV infected population.
The proteins in signal transducer and activator of transcription (STAT) family are identified to be critical factors in cytokine signaling pathway. Mutations in the STAT3 gene could lead to many kinds of cancers (Shahmarvand, Nagy, Shahryari, & Ohgami, 2018) . STAT3 protein together with IL6, HNF4A, HNF1A, and three microRNAs constructed a feedback loop, which regulates oncogenesis of hepatocellular carcinoma (HCC) (Hatziapostolou et al., 2011) . HNF4A is essential for liver function and regulates the expression level of HNF1A, which controls several genes of hepatic development. IFN signaling and IL6 signaling pathways could activate STAT3 protein when HCV core protein highly expressed (Tacke, Tosello-Trampont, Nguyen, Mullins, & Hahn, 2011) . In addition, the ABCC2 gene encodes a member in the ATP-binding cassette (ABC) transporters superfamily, which expression level decreased in HCC tissues induced by HCV (Billington et al., 2018) . Interestingly, the ABCC2 gene locates in downstream of the HNF1A and HNF4A genes (Qadri, Iwahashi, Kullak-Ublick, & Simon, 2006) . Thus, the IL6/HNF4A/HNF1A/STAT3/ABCC2 signaling pathway might participate in HCV infection, pathogenic process, and treatment effect, but whether genetic variations of these genes could influence HCV infection remains unclear.
In this study, we investigated whether there was relationship between genetic polymorphisms of genes in STAT3 signaling pathway and HCV infection in Yunnan population, and validated the function of STAT3 pathway in HCV-infected cells.
| MATERIALS AND METHODS

| Ethical complicance
Written informed consents conforming to the tenets of the Declaration of Helsinki were obtained from each participant prior to the study. The institutional review board of Kunming University of Science and Technology approved this study (Approval No. 2014SK027).
| Subjects
394 chronic HCV-infected subjects and 395 general controls were recruited in First People's hospital of Yunnan Province. The patients were diagnosed as chronic HCV infected persons by the symptoms and liver function test. All HCV-infected patients were identified to be anti-HCV positive by HCV ELISA Kit (ORTHO, USA), and all patients were without any medical treatment when we collected the samples. None individual carried serious liver disease, and all individuals were without Hepatitis B virus (HBV) infection detected by using Quantitative CLIA Kit (Autobio, China)and/or Human Immunodeficiency virus (HIV) infection detected by using Anti-HIV ELISA Kit (WANTAI, China). The persons, who were anti-HCV positive, HBV DNA negative, and anti-HIV negative, were classified to HCV-infected patients group. Moreover, controls were anti-HCV, HBV DNA, and anti-HIV negative. The basic information and biochemical characteristics [including Glutamyl transpeptidase (GGT) glutamic-pyruvic transaminase (GPT or ALT), aspartate amino-transferase (GOT or AST), albumin (ALB), total bilirubin (TBIL), and high-density lipoprotein cholesterol (HDL-C)] of all subjects were collected for further analysis. 5 ml whole blood were collected from each subject for single nucleotide polymorphism (SNP) analysis.
| Genomic DNA extraction and genotyping
Genomic DNA was extracted from whole blood by using TIANamp Blood DNA Kit (TIANGEN, China). Twentyfive SNPs (rs1524107, rs2069837, rs2069840, rs2069852, rs4845617, rs12090237, rs4075015, rs7553796, rs4845374, rs4509570, rs1053023, rs1053004, rs4796793, rs3787349, rs3212172, rs1800963, rs6073435, rs1169309, rs11065390, rs41279096, rs1885301, rs7910642, rs2804402, rs717620 , and rs2273697) of six genes (IL6, IL6R, HNF1A, HNF4A, STAT3, and ABCC2) in STAT3 signaling pathway were selected according to the criteria that the minor allele frequency of SNP is more than 2% in dbSNP (www.ncbi.nlm.nih.gov/SNP). These SNPs were tagSNPs (ftp.ncbi.nlm.nih.gov/hapma p/, CHB + JPT) or SNPs in functional region (coding region, 5′-untranslated region, and 3′-untranslated region). Then, each SNP was genotyped by using Ligase Detection Reaction (LDR) or SnapShot assay (the primers were listed in Tables S1 and S2 ). The genotyping results of random 10% samples with each SNP were verified by sequencing. The linkage disequilibrium (LD) maps for SNPs in each gene were calculated by using SHEsis (analysis.bio-x.cn/ myAnalysis.php) (Shi & He, 2005) and listed in Figure S1 .
| HCV RNA extraction, genotyping and quantification
HCV RNA was abstracted from serum of each HCV-infected individual by using TIANamp Virus RNA Kit (TIANGEN, China). Two pairs of primers (HCV-1F/ HCV-1R: 5′-GGCGACACTCCACCATGAATCACT-3′/5′-GTATGTACCCCATGAGGTCGGC-3′; HCV-2F/HCV-2R: 5′-AATCACTCCCCTGTGAGGAACTACTGT-3′/5′-AGGGTATCGATGACCTTACCCA-3′) were designed to amplify NS5B gene of HCV by using nest PCR (Lu et al., 2005; Zhang et al., 2014) . The PCR condition was as following: one cycle of 94°C for 5 min, 30 cycles of 94°C for 30 s, 50°C for 30 s, and 72°C for 50 s, and one extension cycle of 72°C for 5 min. The NS5B fragment was sequenced to genotype HCV. Taqman probe assay was used to detect HCV viral load by primers HCV-3F/  HCV-3R  (5′-TGCTCATGATGCACGGTCTAC-3′/5′-TGCGGAACCGGTGAGTACAT-3′),  probe  (FAM-CACCCTATCAGGCAGTACCACAAGGCC-TAMRA) , and ABI 7,500 Fast Real-Time PCR system (Applied Biosystems, USA). The lowest limit of detection was 1,000 copies/mL. HCV RNA was further transformed as log10-transformation, i.e., the lowest limit of detection was 3 log10 copies/mL.
| Plasmid construction
Total RNA was extracted from Huh7.5.1 cells by using TRIzol Reagent (Invitrogen, USA). 1 μg RNA was reversely transcripted to complementary DNA (cDNA) by using PrismScript TM RT reagent Kit with gDNA Eraser (Takara, Japan). The IL6 gene (GenBank No.: NM_000600) was amplified by using primers IL6-F and IL6-R: 
CCGCTCGAGATGAACTCCTTCTCCACA/GGGAAGCTT C T A C T T G T C A T C G T C G T C C T T G T A A T C
| Elisa and Western blot
The IL6 protein level in supernatant of HCV infected Huh7.5.1 cells was detected by using IL-6 Human ELISA Kit (Invitrogen, USA) according to the manufacturer's instruction.
Western blot was performed to detect the protein expression level of IL6R, HNF1A, HNF4A, STAT3, pSTAT3, and ABCC2. Firstly, Huh7.5.1 cells were collected to extract total protein. Then about 20 μg protein was electrophoresed in 8-12% SDS polyacrylamide gel and was transferred to 0.45 µm polyvinylidene difluoride membrane (Life, USA) under 120 V for 2 hr. The membrane was blocked in 5% (w/v) nonfat milk for 2 hr at room temperature, then incubated with monoclonal antibodies (Abcam, China) overnight at 4°C. Finally, the membrane was incubated with secondary antibody for 1 hr and visualized by using Tanon 5500 automatic Chemiluminescent imaging analysis system (Tanon, China).
| Data analysis
The Hardy-Weinberg equilibrium (HWE) was assessed for each SNP to identify the deviation. Pearson Chi-square test (with Yates' correction) was used to analyze genotype and allele frequencies of SNPs between HCV-infected persons and controls. The odds ratio (OR) and 95% confidence intervals (95% CI) were calculated. The association between genotype of SNPs and biochemical characteristics, the RNA expressing level of each subgroups, and HCV viral load between different HCV genotypes were evaluated by using Analysis of Variance (ANOVA) or Student's t test (with welch's correction, twotailed). The homozygous genotypes less than 10 were clustered into heterozygous genotypes of SNPs for biochemical characteristics analysis. A P<0.05 was considered as statistical significance. When the P<0.0001, p < 0.0001 was used.
| RESULTS
| Basic and biochemical information analysis
The gender ratio (male: female) was similar between HCVinfected group (1:2.2) and controls (1:1.9) ( Table 1 ). The biochemical characteristics GGT, ALT, AST, and HDL-C showed significant difference between HCV-infected individuals and controls, but ALB and TBIL were similar between them (Table 1) . When the HCV-infected persons and controls were divided into male and female group, similar results with total individuals were obtained, i.e. both GGT (p < 0.0001) and ALT (p = 0.02 and <0.0001) were significantly higher in both male and female HCV-infected persons than controls, and ALB and TBIL showed no difference. Interestingly, AST was higher in female HCV-infected group than controls T A B L E 2 (Continued) (p < 0.0001), but it was similar between male HCV-infected group and controls (p = 0.057). HDL-C level was significantly lower in male HCV-infected individuals than controls (p = 0.024), but no difference was found between female HCV-infected individuals and controls (p = 0.173).
| Association between SNPS in STAT3 signaling pathway and HCV infection
All SNPs were not deviated from HWE in both case and control populations (Table 2) . Genotyping and allele frequency were compared between HCV-infected persons and controls (Table 2 ). Genotype AA of SNP rs4075015, which belongs to the IL6R gene, showed significantly higher frequency in HCV-infected persons (82/394 = 20.8%) than controls (58/395 = 14.7%) (p = 0.024), but other genotype and allele frequencies were similar in two cohorts. Frequencies of genotype AA and CC of rs7553796 were statistically lower (p = 0.0008) and higher (p < 0.0001) in HCV-infected persons than controls respectively. Similarly, allele A and C of rs7553796 showed the congruent trends in HCV-infected individuals, i.e., HCV-infected persons were with lower frequency of allele A (p < 0.0001) and higher frequency of allele C (p < 0.0001). Genotype GG of rs3212172 in the HNF4A gene showed higher frequency in HCV-infected persons (29/394 = 7.4%) than controls (15/395 = 3.8%) (p = 0.029).
| Correlation between
biochemical characteristics of HCV patients and genotypes of SNPs in STAT3 signaling pathway or HCV viral load
As listed in GGT level were associated with genotypes of rs1053023 in the STAT3 gene, and its level was lower in HCV-infected persons with genotype AA than those with genotype AG (p = 0.011) ( Table 3) . Only three samples owned genotype AG of rs41279096, so we did not analyze the relationship between this SNP and biochemical characteristics of HCV patients. HCV RNA of a total of 266 HCV-infected persons were extracted, but HCV genotypes were successfully determined in 105 patients due to long amplicon. The results showed that 16, 19, 5, 58, 1, and 6 patients infected by HCV with genotype 1B, 2A, 3A, 3B, 6A, and 6N, respectively. Genotype 3B was the frequent genotype (58/105, 55.24%) in this study, and this distribution was similar with the reported study in Yunnan (Li et al., 2017) . HCV viral load was quantified in all 266 HCV-infected persons. Because only one individual belonged genotype 6A, this genotype was excluded in further biochemical characteristics analysis. The ALT (p = 0.002), AST (p = 0.0001), ALB level (p = 0.047), and HCV viral load (p = 0.011) showed significant difference among HCV subgroups (Table 4) . ALT (83.53 ± 7.34) and AST (80.40 ± 6.56) expressed higher level in HCV-infected persons with genotype 3B. ALB level (39.41 ± 1.85) and HCV viral load (5.19 ± 0.42) was much lower in HCV-infected persons with genotype 2A.
| Variation of mRNA and protein expression level after HCV infection with or without IL6 transfection
All above results suggested genetic polymorphisms in the STAT3 signaling pathway might be associated with HCV infection, so functional assays were further performed to identify the role of this pathway. We studied mRNA and protein expression of six genes in STAT3 signaling pathway, after Huh7.5.1 cells were infected by HCV with or without transfection of the IL6 gene. We identified that IL6 protein expression gradually increased in HCV-infected cells (Figure 1 ), but no statistical difference was found.
HCV viral load time-dependently increased from 24 to 72 hr after HCV infection (Figure 2a) . The mRNA level of the HNF1A and STAT3 genes showed time-dependent increasing in HCV-infected cells (Figure 2b ). While mRNA level of the IL6R and ABCC2 genes were highest in 48 hr ( Figure  2b ). The HNF4A gene showed no statistical difference in mRNA level. However, mRNA expression was different from proteins. All six proteins (IL6R, HNF4A, HNF4A, STAT3, pSTAT3, and MRP) in this pathway seemed high expression at 72 hr after HCV infection (Figure 2c) .
In order to detect whether STAT3 signaling pathway could influence HCV proliferation in vitro, the IL6 gene was overexpressed in Huh7.5.1 cells. After analyzing RNA and protein expression in IL6-transfected and HCV-infected cells, IL6 protein level significantly increased (Figure 1 ). The P value was 0.0001, 0.002, and 0.0008, respectively, when comparing expressing level at 24 hr with control, expressing level at 48 hr with that at 24 hr, and expressing level at 48 hr with that at Figure 3a ). Similar to results of HCV infection, the mRNA level of the IL6R, HNF1A, and STAT3 genes were significantly increased, but the mRNA level did not change in the HNF4A and ABCC2 genes (Figure 3b ). When we analyzed the proteins expression of the STAT3 signaling pathway, IL6R, HNF1A, HNF4A, 2STAT3, pSTAT3, and ABCC2 proteins time-dependently increased ( Figure 3c ). These results identified that the transfected IL6 gene could effectively inhibit HCV proliferation by upregulating proteins expression level in STAT3 signaling pathway.
| DISCUSSION
HCV infection was one of the seriously infectious hepatitis disease, so to further study and understand the mechanisms of HCV-infection was needed. In this study, we collected several biochemical features of HCV-infected persons to investigate whether there was the relationship between genetic polymorphisms in STAT3 signaling pathway and biochemical features. GGT, ALT, and AST levels in HCV patients were significantly higher than those in controls, and HDL-C level in HCV patients was lower than that in controls (Table1). However, AST and HDL-C levels were similar in male and female cohorts, respectively. These results indicated that different results of AST and HDL-C level might be caused by gender difference, so more samples should be further studied. In our previous study, ALT/AST ratio and TBIL level were associated with SNPs in the IFNλ genes (Zhang et al., 2014) , and GGT, AST, and TBIL levels were related with SNPs in the NPC1L1 gene of the HCV-infected persons (Zhang et al., 2016) . In addition, SNPs in the CD81, SCARB1, and CLDN1 genes, which were essential for HCV particle entry, were found to correlate with metabolic features of HCV patients (Nafari et al., 2018; Sun, Jin, & Kang, 2015) . Similar to this study, ALT, AST, and HDL-C level could be influenced by genotypes of SNP in these genes (Nafari et al., 2018; Sun et al., 2015) . Together with our and others previous results, we suggested that biochemical features of HCV-infected persons were associated with genetic polymorphisms of patients. The proteins in STAT3 signaling pathway played important roles in HCV infection or HCC (Ji et al., 2018; Kao et al., 2017; Qadri et al., 2006) . HCV infection could lead to increasing of HNF1A and HNF4A proteins, which caused upregulation of ABCC2 (Qadri et al., 2006) . Aboulnasr et al. identified IFNλ could inhibit HCV replication through suppression miR122-STAT3-HNF4A feedback loop (Aboulnasr et al., 2015) . However, in Vallianou's study, HCV infection F I G U R E 2 HCV viral load and expression level of genes in STAT3 signaling pathway after HCV infection. (a) time-dependent increasing HCV RNA level; (b) mRNA expression level variation of the IL6R, HNF1A, HNF4A, STAT3, and ABCC2 genes at 24, 48, and 72 hr after the Huh7.5.1 cells were infected with HCV; (c) expression level of the IL6R, HNF1A, HNF4A, STAT3, pSTAT3, and ABCC2 proteins at 24, 48, and 72 hr after the Huh7.5.1 cells were infected with HCV. NC means normal controls, i.e., the cells without HCV infection; mock means the negative controls, i.e., the cells were infected with PBS might lead to HCC through decreasing of HNF4A, HNF1A, and ABCC2 (Vallianou, Dafou, Vassilaki, Mavromara, & Hadzopoulou-Cladaras, 2016) . This result differed from the study by Qadri et al. The miR-125b has been reported to be an inhibitor for HCC (Kim et al., 2013) , while IL6/STAT3 pathway could upregulate the expression of miR-125b in HCV infected cells (Dai et al., 2018) , which means that STAT3 pathway could prevent HCV infected cells from HCC. Although the results existed discrepancy in these studies, it suggested HCV infection and progression closely related with IL6/STAT3 signaling pathway. However, all these studies focused on the functional role of STAT3 pathway, and whether genetic SNPs of STAT3 pathway was associated with HCV infection was unknown. Thus, the precise role of STAT3 pathway needs further study.
Many host genetic factors have been studied to explore the susceptibility of HCV infection in different populations (Steba et al., 2018; Swiatek-Koscielna et al., 2017; Zhang et al., 2014 Zhang et al., , 2016 , but it seemed that no high coincident result in these cohorts. IL6 was the most reported gene to be associated with HCV infected persons or HCC patients caused by chronic HCV infection. SNP rs1800795 was associated with treatment of HCV patients infected by drug injection in Croatian (Bogdanovic et al., 2016) . Moreover, the polymorphisms of the IL6 gene were reported to influence the histologic progression and clinical outcomes of HCV patients (Falleti et al., 2010; Sghaier et al., 2017) . Although daclatasvir plasma concentration significantly increased in the HCV infected patients with genotype CC of SNP rs1884613 in the HNF4A gene (Cusato et al., 2017) , the relationship between SNPs in this gene and HCV infection was not studied. The genetic role of other four genes in STAT3 signaling pathway was not reported. We firstly identified that SNPs in the STAT3 signaling pathway were associated with HCV infection (IL6R and HNF4A genes) or biochemical features of HCV patients (IL6 and STAT3 genes) in Yunnan population. Thus, our results suggested that the genetic polymorphisms of the genes in STAT3 signaling pathway exerted important roles in HCV infection, biochemical features of patients, and even disease progression.
The treatment effect was different in patients with various HCV genotypes (Atsukawa et al., 2018; Di Biagio, Taramasso, & Cenderello, 2018; Otsuka et al., 2017) . Similarly, we identified that the ALT, AST, ALB, and viral load level showed significant difference among the HCV patients with subtypes (Table 4 ). This indicated that HCV genotypes might influence the biochemical features and treatment of HCV patients. High ALB level in the patients with HCV genotype 2A might be due to the lower HCV viral load in these patients. 
